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1 ll 1 

2 Specification 
3 

4 

5 1 . Title of the invention 

6 Bulk Molding Compound Composition and Its Shaped Molded 

7 Product 
8 

9 2. Claims 

10 1. A bulk molding compound composition with a low 



11 specific gravity, characterized by the fact that in a bulk 

12 molding compound composition having an unsaturated polyester 

13 resin as a matrix, said composition includes glass hollow 

14 spheres; said glass hollow spheres have an effective specific 

15 gravity of 0.3-0.4 and treated at least once with an acid and 

16 are added at 15-45 wt% to the total amount of composition. 

17 2. The bulk molding compound composition with a low 

18 specific gravity of Claim 1, characterized by the fact that the 

19 glass' hollow sphere is a mixture with a particle diameter of 1- 

20 150 p. 



1 Numbers in the margin indicate pagination in the foreign 
text . 



1 3. A molded product with a low specific gravity, 

2 characterized by the fact that the bulk molding compound 

3 composition of Claim 1 is shaped and molded. 

o 

4 4. The molded product with a low specific gravity of 

5 Claim 3, characterized by the fact that the specific gravity is 

6 1.1-0.85. 
7 

8 3 . Detailed explanation of the invention 

9 (Industrial application field) 

10 The present invention pertains to a bulk molding compound 

11 with a low specific gravity as a molding material for giving a 

12 lightweight molded product and a molded product with a low 

13 specific gravity in which the composition is shaped and molded. 

14 (Prior art) 

15 A composition for molding composed of crosslinking agent, 

16 polymerization initiator, tackifier, filler, reinforcing agent, 

17 and other additives, in which an unsaturated polyester resin is 

18 a matrix, is usually prepared as molding materials that are 

19 a bulk molding compound (hereinafter, abbreviated to BMC) and a 

20 sheet molding compound (hereinafter, abbreviated to SMC) . These 

21 BMC and SMC are easily molded by compression molding, injection 

22 molding, etc., and since their molded products have excellent 

23 characteristics such as heat resistance, corrosion resistance, 

3 



1 and mechanical strength, they are used in all the fields such as 

2 housing construction materials, ships, vehicle members, 

3 industrial parts, and electric parts. 12 

4 In particular, the lightness for energy-saving has recently 

5 been reviewed in vehicle members, for instance, and the 

6 improvement of the work efficiency through the lightness of 

7 tableware, distributing plates, trays, etc., being handled at a 

8 large amount by plastics and the improvement of their mechanical 

9 strength has been in demand in businesses such as restaurants, 

10 inns, and hotels. 

11 In the BMC and the SMC, it has been well known that 

12 lightweight molded products are obtained by using an unsaturated 

13 polyester and an epoxy resin as a matrix and filling glass 

14 hollow spheres or organic hollow spheres with a particle 

15 diameter of 10-250 p. However, since filling of them at a large 

16 amount raises the viscosity of the resin and the spheres are 

17 fractured, the molded products being formed by shaping and 

18 molding them do not substantially achieve the lightness to the 

19 degree that they float in water. 

20 Also, as the lightweight fiber-reinforced resin plate 

21 usable for outer plates of automobiles, a lightweight fiber- 

22 reinforced resin plate in which an outer surface layer is molded 

23 of the SMC and part of the other layers are molded of the SMC 

4 
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1 filled with glass hollow spheres is proposed in Japanese Kokai 

2 Patent Application No. Sho 62 [ 1987 ] -17324 9 . The SMC is filled 

3 with glass fibers at 20-30 wt% to the total weight. However, 

4 since the glass hollow spheres are filled in it, the viscosity 

5 is raised, and the impregnation of the resin in the glass fibers 

6 is not sufficient. Thus, the amount of glass hollow spheres 

7 being filled is limited, and the specific gravity of the molded 

8 product using the SMC filled with the glass hollow spheres under 

9 appropriate conditions is 1.1-1.6. A lightweight molded product 

10 that floats in water cannot be substantially obtained. 

11 On the other hand, the molded products being shaped and 

12 molded of the BMC and the SMC filled with organic hollow spheres 

13 are inferior in the heat resistance. 

14 (Problems to be solved by the invention) 

15 The present invention considers the above-mentioned 

16 problems in the decrease of the specific gravity of the SMC and 

17 the BMC, and this inventor variously researched and reviewed BMC 

18 compositions . that could give molded products with a low specific 

19 gravity in which the shaped and molded products of the BMC 

20 composition could substantially float in water. 

21 As a result, it was discovered that in a BMC composition 

22 having an unsaturated polyester resin as a matrix, specifically 

23 treated glass hollow spheres could be filled at a large amount 

5 
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1 in the BMC composition, so that a BMC composition with a low 

2 specific gravity could be obtained and a molded product that had 

3 a strength without a practical trouble and had a low specific 

4 gravity floating in water with a specific gravity of 1.1-0.85 

5 could be obtained by shaping and molding the BMC composition. 

6 Then, the present invention was completed. 

7 Therefore, the purpose of the present invention is to newly 

8 provide a BMC composition with a low specific gravity, which 

9 could not been obtained in the prior arts, and a molded product 

10 with a low specific gravity being formed by shaping and molding 

11 the composition. 

12 (Means to solve the problems) 

13 In other words, the present invention provides a bulk 

14 molding compound composition with a low specific gravity 

15 characterized by the fact that in a bulk molding compound 

16 composition having an unsaturated polyester resin as a matrix, 

17 said composition includes glass hollow spheres and said glass 

18 hollow spheres have an effective specific gravity of 0.3-0.4 and 

19 treated at least once with an acid and are added at 15-45 wt% to 

20 the total amount of composition. 

21 As the unsaturated polyester resin in the BMC composition 

22 of the present invention having the unsaturated polyester resin 

23 as a matrix, well-known unsaturated polyester resins or products 
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1 on the market such as unsaturated polyester resin being obtained 

2 by the polycondensation of a, p-unsaturated dibasic acid or its 

3 acid anhydride or aromatic saturated dibasic acid or its acid 

4 anhydride and glycols or their combined or partially modified 

5 unsaturated polyester resins can be used. 

6 As the above-mentioned a, (3-unsaturated dibasic acid, for 

7 example, there are maleic acid, fumaric acid, citraconic acid, 

8 itaconic acid, chloromaleic acid, and these esters, and as the 

9 aromatic saturated dibasic acid, for example, there are phthalic 

10 acid, isophthalic acid, terephthalic acid, nitrophthalic acid, 

11 and these esters. • Also, as their acid anhydrides, for example, 

12 there are maleic anhydride, phthalic anhydride, phthalic /3 

13 tetrahydroanhydride, endomethylene tetrahydrophthalic acid, 

14 hydrogenated phthalic anhydride, and these esters. 

15 In addition to the above-mentioned substances, an aliphatic 

16 or alicyclic saturated dibasic acid is also used, and as the 

17 aliphatic or alicyclic saturated dibasic acid, oxalic acid, 

18 malonic acid, succinic acid, adipic acid, sebacic acid, a.zelaic 

19 acid, glutaric acid, phthalic hexahydroanhydride, and these 

20 esters are mentioned. Furthermore, as the partially modified 

21 unsaturated polyester, an unsaturated polyester in which the 

22 terminal of an unsaturated polyester is vinyl-modified and a 
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vinyl ester in which the terminal of an epoxy skeleton is vinyl- 



2 



modified can be mentioned. 
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As the" glycols, ethylene glycol, propylene glycol, 



4 diethylene glycol, dipropylene glycol, 1, 3-butanediol, 1,4- 

5 butanediol, neopentyl glycol, trimethylene glycol, triethylene 

6 glycol, tetraethylene glycol, 1 , 5-pentanediol , 1 , 6-hexanediol , 

7 bisphenol dioxydiethyl ether, ethylene glycol carbonate, etc., 

8 are mentioned, and they are used alone or in combination. 

9 The unsaturated polyester resin is changed to a liquid 

10 shape by being diluted with a monomer a as a crosslinking agent, 

11 generally styrene, and as such a monomer, vinyl ketone, a- 

12 methylstyrene, chlorostyrene, dichlorostyrene, vinyl 

13 naphthalene, ethyl vinyl ether, methyl vinyl ketone, methyl 

14 acrylate, etc., are used alone or in combination. 

15 Since the unsaturated polyester resin is accompanied with a 

16 contraction during the polymerization and curing, a low 

17 contracting agent is usually mixed, and as the low contracting 

18 agent in the BMC composition of the present invention, for 

19 example, polyethylene, polystyrene, polyvinyl chloride, 

20 polyvinyl acetate, poly (meth) acrylate, SBS elastomer, saturated 

21 polyester group urethane oligomer, etc., are used. 

22 Also, as a curing agent, general organoperoxides, for 

23 example, benzoyl peroxide, cumene hydroperoxide, lauroyl 

8 



1 peroxide, acetyl peroxide, acetyl peroxide, di-t-butyl peroxide, 

2 t-butyl perbenzoate, etc., are used, and if necessary, an 

3 accelerator such as dimethyl aniline and cobalt naphthenate can 

4 also be used together. 

5 The BMC composition of the present invention has the above- 

6 mentioned unsaturated polyester resin as a matrix and includes 

7 glass hollow spheres, filler, tackifier, reinforcing material, 

8 internal mold release agent, and other desired additives. 

9 It is especially important to include the glass hollow 

10 spheres, and the glass hollow spheres have an effective specific 

11 gravity of 0.3-0.4 being measured by a Gardner cup method. They 

12 are used after being treated at least once with an acid. For 

13 example, 0.4 of the above-mentioned effective specific gravity 

14 corresponds to a bulk specific gravity of 0.22 g/cc. Then, the 

15 hollow spheres are generally accompanied with a fracture of 

16 about 50% during the preparation of the BMC and SMC compositions 

17 and their molding. In the hollow spheres with an effective 

18 specific gravity of 0.3 or less, the fracture rate is 

19 substantially increased, whereas in the hollow spheres of 0.4 or 

20 more, the compatibility of the decrease of the specific gravity 

21 and the maintenance of the strength of the molded product is 

22 difficult. The glass hollow sphere is a mixture with a particle 

23 diameter of 1-150 u, and in this particle diameter range, the 
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1 particle size distribution is preferably a normal distribution 

2 with an average particle diameter value of 40-70 \i. The glass 

3 hollow spheres with a particle diameter exceeding a specific 

4 range are homogeneously included in the BMC composition, however 

5 the molded product formed of the composition has a low strength. 

6 The mixture in the above-mentioned particle diameter range in 

7 the present invention is used in a state in which particles with 

8 a small particle- diameter are appropriately filled between 

9 particles with a large particle diameter, for instance. 

10 Furthermore, it is presumed that with the multiplication action 

11 with the acid treatment, a large amount, that is, 15-45 wt% to 

12 the total amount of BMC composition can be included, which could 

13 not be realized in the prior arts. As a result, a BMC 

14 composition with a low specific gravity and a molded product 

15 with a low specific gravity formed of the composition can be 

16 obtained. At the same time, it is presumed that with the /4 

17 mixture of the particle diameter ranges, a sufficient strength 

18 for practical uses is maintained in the molded product with a 

19 low specific gravity, similarly to the strength improvement 

20 effect through the combination of sands and gravels to a cement 

21 in a concrete. 

22 It is said that about 50% of the glass hollow spheres is 

23 fractured when the BNC ' composition is prepared and the 

10 
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1 composition is molded, and if the glass hollow spheres are 

2 included at less than 15 wt% to the total amount of BMC 

3 composition of the present invention, the molded product with a 

4 low specific gravity is difficult to be obtained. On the other 

5 hand, if the glass hollow spheres are included at more than 45 

6 wt%, the viscosity is raised, and their preparation is 

7 substantially very difficult. In the glass hollow spheres, the 

8 relationship between their effective specific gravity and the 

9 amount being included can be optionally determined in 

10 consideration of the specific gravity of an intended molded 

11 product, and the amount being included is preferably 30-40 wt% 

12 in consideration of preparation easiness of the BMC composition, 

13 practical lightness and strength of the molded product, etc. In 

14 the acid treatment of the glass hollow spheres, the glass hollow 

15 spheres are immersed into an acid such as hydrochloric acid 

16 prepared by diluting at an appropriate concentration and then 

17 dried. Also, after the acid treatment, a silane treatment and a 

18 borane treatment can be applied to the glass hollow spheres. 

19 As the filler, for example, various kinds of inorganic 

20 substances such as calcium carbonate, aluminum hydroxide, 

21 antimony trioxide,. titanium oxide, barium sulfate, mica, 

22 alumina, talc, silica powder, clay, and silica are used. As the 

23 shape of this filler, a fine powder with an appropriate particle 

11 



1 size can be selected in consideration of the surface shape of 

2 the molded product composed of the BMC composition. The filler 

3 is preferably set to a ratio of 10-20 parts by weight to the 

4 unsaturated polyester resin at 100 parts by weight, however it 

5 can also be substituted by an appropriate amount of glass hollow 

6 spheres. 

7 It is said that the tackifier is essential for the BMC, and 

8 oxides and hydroxides of alkaline-earth metals of II group a of 

9 the periodic table are effective. It is known that they are 

10 chemically bonded with hydroxy 1 groups, carboxyl groups, or 

11 ester bonds of the unsaturated polyester, so that the molecular 

12 weight is increased, thereby increasing the viscosity. In the 

13 BMC composition of the present invention, magnesium oxide, 

14 magnesium hydroxide, calcium oxide, calcium hydroxide, etc., can 

15 be used. In addition, barium oxide, beryllium oxide, metal 
16. alkoxides, polyisocyanate, etc., can also be mentioned. This 

17 tackifier is used at 0.5-5 parts by weight to the unsaturated 

18 polyester .resin at 100 parts by weight. 

19 As the reinforcing material, usually, roving or chopped 

20 strands of glass fibers are cut into a length of 0.1-50 mm and 

21 used, and in the BMC composition of the present invention, glass 

22 fibers composed of any of E glass, C glass, A glass, etc., can 

23 also be used. The glass fibers are used at 10-50 parts by 

12 



1 weight to the unsaturated polyester resin at 100 parts by 

2 weight. These glass fibers are preferably subjected to a 

3 surface treatment such as silane treatment and borane treatment. 

4 As the internal mold release agent, it is known that 

5 stearic acid, zinc stearate, calcium stearate, organophosphoric 

6 ester, etc., are appropriate. In the BMC composition of the 

7 present invention, such a mold release agent can also be used. 

8 In addition, as desired additives, for example, pigments, 

9 flame retardants, flame retardant aids, etc., useful for 

10 improving the characteristics of the molded product are used. 

11 As the method for preparing the BMC composition of the 

12 present invention, conventional well-known methods can be 

13 adopted, and there is no particular limitation. Each necessary 

14 amount of unsaturated polyester resin, curing agent, glass 

15 hollow spheres, filler, tackifier, reinforcing agent, internal 

16 mold release agent, and other desired additives is respectively 

17 measured and kneaded by a kneader being used in an ordinary BMC 

18 preparation such as kneader and intensible mixer. 

19 The BMC composition with a paste shape kneaded can be 

20 immediately shaped and molded by a molding machine. Also, as a 

21 preservation method for molding the composition at a desired 

22 molding timing, for example, the composition is wrapped with a 

23 film such as polyethylene, polypropylene, polyester, and 
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1 cellophane. The evaporation of styrene, etc., as resin 

2 components of the composition is prevented by wrapping of this 

3 film. Furthermore, for a long-term preservation, preferably, /5 

4 a polymerization inhibitor such as hydroquinone is mixed with 

5 the composition and stored in a wrapped state with the film. 

6 The molding method for shaping and molding the BMC 

7 composition for obtaining a molded product with a low specific 

8 gravity of the present invention is not particularly limited, 

9 either. Using an ordinary press molding machine, the BMC 

10 composition can be placed in a mold, from which a desired molded 

11 product is obtained, and heated and pressurized. As the molding 

12 conditions during the shaping and molding, generally, the mold 

13 temperature is 120-170°C, the molding pressure is 70-150 kg/cm 2 , 

14 and the molding time is 1-10 min. Also, during the shaping and 

15 molding, patterning of the surface of the molded product, the 

16 transfer from a transfer film, the formation of a coating layer 

17 composed of other resins, etc., can be carried out by in-mold 

18 coating, vacuum molding, etc., or the surface can also be coated 

19 in 'a body with a printed matter such as unwoven fabric. 

20 It is preferable for the molded product to have a thickness 

21 of 1-15 mm, however the thick may also be greater than 15 mm. 

22 The molding time of such a thick product is usually long, 

23 however since the BMC composition of the present invention 
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1 includes the glass hollow spheres, the glass hollow spheres give 

2 an insulation action, so that the dissipation of the heat 

3 generated during curing of the resin is suppressed. For this 

4 reason, molding for a long time is not required. 

5 The molded product shaped and molded in this manner is very 

6 lightweight, and the specific gravity is as low as 1.1-0.85. 

7 Substantially, the molded product floats in water. Furthermore, 

8 the molded product has a practically sufficient strength. 

9 Therefore, for example, the lightness of tableware, trays, etc., 

10 as daily goods is realized, and the improvement of the work 

11 efficiency in the business fields in which tableware, trays, 

12 etc., are used at a large amount for businesses can be expected. 

13 Also, if the degree of the low specific gravity can be 

14 slightly relaxed, a molded product as a structure material with 

15 a low specific gravity in which the strength is further raised 

16 can also be formed by an integrated molding with a reinforcing 

17 material such as woven fabric or unwoven fabric of glass fibers. 

18 (Application examples) 

19 Application Example 1 

20 A mixture having the following composition was kneaded by a 

21 kneader, so that a BMC composition was prepared. Next, part m 

22 means part by weight. 
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1 Unsaturated polyester resin (high reactive resin, made by 

2 Takeda Chemical Industries, Ltd.) 

3 Low contracting agent (saturated polyurethane group 

4 ■ urethane oligomer) 43 parts 

5 Glass hollow spheres 35 parts 

6 (Specific gravity: 0.35, average particle diameter: 50 \i, 

7 pressure withstand strength: 90 kgf/cm 2 ("N-35": made by 

8 Asahi Glass Co., Ltd.), diluted HClcr one-time treatment) 

9 Filler (aluminum hydroxide) 12 parts 

10 Curing agent (t-butyl perbenzoate) 0.5 part 

11 Internal mold release agent (zinc stearate) 1.5 parts 

12 Tackifier (magnesium oxide) 0.4 part 

13 Reinforcing material (glass fibers with a length of about 6 

14 mm) 7.8 parts 

15 ("CSOG NA4380" : made by Asahi Fiber Glass K.K.) 

16 The BMC composition obtained was molded under the 



17 conditions of a mold temperature of 150°C, a molding pressure of 

18 90 kg/cm 2 , and a molding time of 3 min by a press molding 

19 machine, so that a tabular plate of 200 mm x 200 mm x 2.5t mm 

20 was obtained. 

21 The specific gravity of the tabular plate molded was 0.95, 

22 and no deformation was recognized even at 200°C in a heat 



16 



1 resistance test. Also, the Charpy impact strength as an impact 

2 resistance was 5.5 kgf -cm/cm 2 . 

3 Application Example 2 

4 Similarly to Application Example 1, a BMC composition 

5 having the following composition was prepared. 

6 Unsaturated polyester resin (high reactive resin, made by 

7 Takeda Chemical Industries, Ltd.) 

8 Low contracting agent (SBS elastomer /saturated polyurethane 

9 group urethane oligomer) 50 parts 

10 Glass hollow spheres 38 parts 

11 (Specific gravity: 0.37, average particle diameter: 40 p, 

12 pressure withstand strength: 120 kgf /cm 2 rz-37" : made by 
13' Asahi Glass Co., Ltd.), diluted HClcr one-time treatment) 

14 Curing agent (t-butyl perbenzoate) 0.5 part 

15 Internal mold release agent (zinc stearate) 2 parts 

16 Tackifier (magnesium oxide) 0.5 part 

17 Reinforcing material (glass fibers with a length of about 6 

18 mm) 9 parts 

19 ("CSOG NA4380": made by Asahi Fiber Glass K.K.) 

20 Similarly to Application Example 1, the BMC composition 

21 obtained was press-molded, so that a tabular plate was /6 

22 obtained. 
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1 The specific gravity of the tabular plate molded was 0.87, 

2 and no deformation was recognized even at 190°C in a heat 

3 resistance test. Also, the Charpy impact strength was 5.2 

4 kgf -cm/cm 2 . 

5 Application Example 3 



6 Similarly to Application Example 1, a BMC composition 

7 having the following composition was prepared. 

8 Unsaturated polyester resin (high reactive resin, made by 

9 Takeda Chemical Industries, Ltd.) ' 

10 Low contracting agent (saturated polyurethane group 

11 urethane oligomer) 30 parts 

12 Glass hollow spheres 10 parts 

13 (Specific gravity: 0.35, average particle diameter: 50 p, 

14 pressure withstand strength: 90 kgf /cm 2 ("M-35": made by 

15 Asahi Glass Co., Ltd.), diluted HClcr one-time treatment) 

16 Filler (calcium carbonate) 37 parts 

17 Curing agent (t-butyl perbenzoate) 0.5 part 

18 Internal mold release agent (zinc stearate) 1.5 parts 

19 Tackifier (magnesium oxide) 0.5 part 

20 Reinforcing material (glass fibers with a length of about 6 

21 mm) 7 . 5 parts 

22 ("CSOG NA4380" : made by Asahi Fiber Glass K.K.) 
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1 Similarly to Application Example 1, the BMC composition 

2 obtained was press-molded, so that a tabular plate was obtained. 

3 The specific gravity of the tabular plate molded was 1.09, 

4 and no deformation was recognized even at 210°C in a heat 

5 resistance test. Also, the Charpy impact strength was 8.7 

6 kgf • cm/cm 2 . 

7 Comparative Example 1 

8 Similarly to Application Example 1, a BMC composition 

9 having the following composition was prepared. 

10 Unsaturated polyester resin (high reactive resin, made by 

11 Takeda Chemical Industries, Ltd.) 

12 Low contracting agent (saturated polyurethane group 

13 urethane oligomer) 50 parts 

14 Filler (calcium carbonate) 40 parts 

15 Curing agent (t-butyl perbenzoate) 0.5 part 

16 Internal mold release agent (zinc stearate) 1.5 parts 

17 Tackifier (magnesium oxide) 0.5 part 

18 Reinforcing material (glass fibers with a length of about 6 

19 mm) 7.5 parts 

20 ("CSOG NA4380" : made by Asahi Fiber Glass K.K.) 

21 Similarly to Application Example 1, the BMC composition 

22 obtained was press-molded, so that a tabular plate was obtained. 

23 The specific gravity of the tabular plate molded was 1.79. 
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1 ' Comparative Example 2 



2 The following composition was kneaded, so that a BMC 

3 composition was prepared. 

4 Unsaturated polyester resin (high reactive resin, made by 

5 Takeda Chemical Industries, Ltd.) 

6 Low contracting agent (saturated polyurethane group 

7 urethane oligomer) 43 parts 

8 Glass hollow spheres 48 parts 

9 (Specific gravity: 0.35, average particle diameter : 50 y, 

10 pressure withstand strength: 90 kgf/cm 2 ("M-35": made by 

11 Asahi Glass Co., Ltd.)) 

12 Filler (aluminum hydroxide) 4 parts 

13 Curing agent (t-butyl perbenzoate) 0.5 part 

14 Tackifier (magnesium oxide) 0.4 part 

15 Reinforcing material (glass fibers with a length of about 6 

16 mm) 4.1 parts 

17 ("CSOG NA4380": made by Asahi Fiber Glass K.K.) 

18 The BMC composition obtained could not be a paste shape, 

19 and the adhesion of the resin to the glass hollow spheres, 

20 filler, reinforcing material, etc., was not sufficient and was 

21 in a dried state. This composition was molded into a tabular 

22 plate by a press molding similarly to Application Example 1. 
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1 However, cracks were generated, and the tabular plate had 

2 practical difficulties. 

3 (Effects of the invention) 

4 The BMC composition with a low specific gravity of the 

5 present invention has a feature in including a relatively large 

6 amount of glass hollow spheres, while having an unsaturated 

7 polyester resin as a matrix. The molded product being obtained 

8 by shaping and molding the composition has a very low specific 

9 gravity and substantially floats in water. This molded product 

10 with a low specific gravity could not be obtained in 

11 conventional BMC compositions. In particular, since its 

12 specific gravity is low and its strength and heat resistance are 

13 sufficient, this molded product can be applied to various fields 

14 that require lightness. 
15 

16 
17 
18 
19 
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